Analysis of pharyngeal resistance and genioglossal EMG activity using a model of orifice flow.
A model of orifice flow has been used to analyze the relationships among pressure, flow, and genioglossal electromyographic activity in the human pharynx during inspiration. The orifice flow model permits one to assess the character of airflow (laminar or turbulent) and to estimate the cross-sectional area of the orifice from pressure and flow measurements. On the basis of other data (J. Appl. Physiol. 73: 584-590, 1992), this analysis suggests that pharyngeal airflow is turbulent. Furthermore the area of the pharynx appears to increase as flow increases, but the actual change in pharyngeal diameter necessary to fit the pressure-flow data is quite small (0.11-0.87 cm, depending on the assumptions in the model). The flow-related increase in orifice area can be attributed, in part, to the activation of the genioglossus muscle. However, other flow-related factors may also contribute to pharyngeal dilation as airflow increases. Different airway shapes (circular and elliptical) and orientations (major axis anteroposterior and lateral) were incorporated into the model calculations; these factors modify considerably the apparent efficiency of genioglossal electromyographic activity. Genioglossal muscle shortening increases pharyngeal area and reduces pharyngeal resistance more effectively when the pharynx is elliptical, with the long axis of the ellipse oriented laterally. Hence the genioglossus may operate at a significant mechanical disadvantage in those patients with obstructive sleep apnea with a small sagittally oriented pharyngeal lumen.